Introduction
Neoplasia of the stomach represents the second most recurrent cause of cancer mortality in the world [1] . Despite major efforts, the number of deaths from gastric cancer has not decreased in recent years. There have also been major efforts to better understand the mechanisms responsible for oncogenesis and a number of animal models of have been developed to study the correlates of gastric carcinoma in recent years [2, 3] . Among these, the 1-methyl-3-nitro-1-nitrosoguanidine (MNNG) model has proven to be very useful. Evidences suggest that MNNG administration results in oncogenesis as a result of increased free radical synthesis in the gastric mucosa [4, 5] . DNA damage induced by oxidative stress and/or deficient DNA-repair is reported to have an etiological or prognostic role in cancer [4] .
Research also suggests that electrophiles could play a key role in chemical carcinogenesis. The oxidative inactivation of enzymes by free radicals and accumulation of oxidized proteins may play a critical role in the alteration of cellular function and cell death. Oxidative damage can generate large amounts of carbonyl products and hence measurement of these components could reflect oxidative protein damage [6] . Synthesis of certain polyamines notably histamine, putrescine, spermine and spermidine is essential for the regulation of protein, RNA and DNA synthesis. In addition, the ability of polyamines to alter DNA-protein perimental period. Group III animals were induced with MNNG + NaCl (as in group II) and treated with naringenin (200 mg/kg b.wt, dissolved in corn oil, orally) simultaneously for 20 weeks from the first dose of MNNG + NaCl. Group IV animals were post-treated with naringenin (200 mg/kg b.wt, dissolved in corn oil, orally) from the 6 th week of MNNG (as in group II) induction up to end of experimental period. Group V animals were treated with naringenin (200 mg/kg b.wt, dissolved in corn oil, orally) alone for 20 weeks. The experiment was terminated at the end of 20 weeks and all the animals were sacrificed by cervical dislocation after an overnight fasting.
Tumour weight
Tumour weight was estimated according to the method of Geren et al., [15] . The resultant solid tumour was considered to be prelate ellipsoid with one long axis and two short axes. The two short axes were measured using a vernier caliper. The tumour weight was calculated by multiplying the length of the tumour with the square of the width and dividing the product by 2.
Analysis of ROS
To examine the in vivo generation of ROS, we used the cell permeable probe 2', 7'-dichlorodihydrofluorescin diacetate (CM-H 2 DCFH-DA; Molecular Probes, Eugene, OR, USA) according to the method described by Parsons et al., [16] 
Biochemical analysis
The oxidative protein damage was determined by the estimation of carbonyl content by the method of Levins et al., [17] . Protein content was estimated by the method of Lowry et al., [18] . The DNA and RNA contents were estimated in the homogenate by the method of Burton [19] and Rawal et al., [20] . Lipid peroxidation (LPO) was estimated by the method of Ohkawa et al., [21] .
DNA fragementation
The extent of DNA fragmentation was measured by the method of Sellins and Cohen [22] . The isolated DNA was visualized for fragmentation by electrophoresis in a 1.2% agarose gel containing ethidium bromide.
Assessment of DNA damage
DNA damage was assessed with alkaline single cell gel electrophoresis (comet assay) according to the method described by Singh et al., [23] .
Polyamine analysis
Separation of various polyamine fractions such as histamine, putrescine, spermine and spermidine and their subsequent estimation was done by the method of Endo [24] . CM-cellulose column chromatography: Rat tissues (stomach-100 mg) were homogenized in ice-cold 0.4 M HClO 4 containing 2 mM ethylenediaminetetracetic acid. The homogenate was centrifuged at 1000 g for 5 min. The neutralized supernatant was applied to a CM cellulose column. Each sample solution (0.5 -3 mL) was applied to a CM-cellulose column (0.6×10 cm) equilibrated with 0.01 M phosphate buffer (pH 6.2). After the column was washed with 15 mL of 0.01 M phosphate buffer (pH 6.2) and 15 mL of 0.03 M phosphate buffer (pH 6.2), histamine, putrescine, spermidine and spermine were eluted out from the column with borate buffer without NaCl (30 mL), borate buffer containing 0.03 M NaCl (20 mL), borate buffer containing 0.075 M NaCl (20 mL), and borate buffer containing 0.15 M NaCl (20 mL), respectively. Fractions (3 mL) were collected at a flow rate of approximately 3 mL/min. Trinitrobenzenesulphonate (TNBS) reagent (1 mL) was added to the elute (3 mL) from the CM-cellulose column. The reaction was carried out at 50°C for 10 min and terminated by cooling the reaction mixture in water. Absorbance at 420 nm was measured within 20 min.
Statistical analysis
The data are presented as mean ± SD for six rats in each group. Significance of the differences between mean values was determined by one-way analysis of variance (ANOVA) followed by the Duncan test for multiple comparison. P values 0.001, 0.01, 0.05 were considered to reveal significance.
Results
The mean body weights were decreased and tumor weights increased in group II (MNNG + S-NaCl) animals as compared with all the other groups (Table 1) . A 100% incidence in gastric cancer was noticed among group II animals. Importantly, naringenin treatment significantly increased the body weight and decreased the tumor weights among group III (p<0.05) and IV animals as compared to group II animals. Furthermore, a progressive increase in the mean body weight was observed among group V animals during the experimental period. Conceptually, the increase in body weight after the administration of naringenin in Group III and Group IV rats highlights the protective efficacy of the flavonoid.
A significant increase in ROS generation was observed in stomach and liver tissue of MNNG induced groups II animals as compared with control animal group I (Fig. 1) . However, there was significantly decreased activity in group III and group IV naringenin treated animals. The results were suggested that the antioxidant effect of naringenin in MNNG induced animals could be due to its free radical scavenging action. Figure 2a and 2b shows the levels of LPO and protein carbonyl content in stomach and liver tissues of various experimental groups. A significant (p<0.001) increase in the extent of LPO and protein carbonyl content was observed in the stomach and liver of carcinoma bearing group II animals as compared to the control animals (group I). Naringenin significantly decreased the LPO and protein carbonyls of group III and group IV animals (p<0.001, p<0.01) as compared to carcinogen-induced group II rats. However, naringenin alone treated ani-mals (group V) did not show any significant change as compared with the control animals (group I). Gastric Carcinoma-New Insights into Current Management Fig. 3 shows the agarose gel electrophoretic pattern of DNA isolated from the stomach tissue of control and experimental animals. In group I control and group II cancer bearing animals, there was no significant DNA fragmentation. Naringenin treated (group III) animals exhibited a significant DNA fragmentation. In group IV animals was shown less DNA fragmentation when compared with group III. However, a significant fragmentation of DNA was observed in animals treated with naringenin alone (group V). 4 shows the level of DNA damage measured using single cell gel electrophoresis in stomach tissue of control and experimental animals. There was a significant increase in DNA tail length (3.21-fold) in cancer bearing animals (group II) as compared with group I control animals and significant decrease (2.27 -fold) in Group III and Group IV in (1.84-fold) (naringenin treated) animals when compared with group II animals. In addition, there was no comparable difference between rats treated with naringenin alone (group V) and the control animals. Figure 5 and 6 shows the levels of nucleic acids and polyamines in the stomach of control and experimental animals. Cancer induced animals (group II) showed a significant increase (p<0.001) in nucleic acid and polyamine contents in stomach tissue when compared with the control animals (group I). On treatment with naringenin (group III and group IV), there was found to be a significant (p<0.001, p<0.01) decrease in the levels of nucleic acids and polyamines in stomach tissue when compared with cancer-induced animals (group II). However, naringenin alone treated animals (group V) did not show any significant changes when compared with control animals (group I). Gastric Carcinoma-New Insights into Current Management Figure 6 . Effect of naringenin on the levels of polyamines in stomach of control and experimental animals. 25 fractions were collected from each group. Groups (I-V) are Control, MNNG induced, naringenin simultaneous treatment, naringenin post treated and naringenin alone respectively. The details are described under materials and methods.
Discussion
Development of a diet that provides adequate nutrition and effective cancer prevention is an important goal in nutrition and cancer research [8] . We suggest that naringenin could be an effective chemopreventive agent in MNNG induced gastric carcinoma. ROS and organic free radical intermediates formed from carcinogens reportedly initiate carcinogenic transformation [25] . Consequently, the accumulation of free radical mediated damage may be a possible mechanism of cancer development [26] . MNNG is an effective carcinogen with a capability to induce enormous amounts of free radicals, which in turn reacts with lipids causing release of lipid peroxides [27] . Naringenin significantly reduced the lipid peroxides and increased free radicals scavenging capabilities in cancer bearing animals, which could be due to its capability to enhance antioxidant enzymes [28, 29] . This has been supported by our recent report that administration of naringenin to gastric carcinoma-induced rats largely upregulated the redox status to decrease the risk of cancer [12] . The antioxidant enzymes may reduce the carcinogen-DNA interaction by providing a large nucleophilic pool for the electrophilic carcinogens such as MNNG [30] , and it causes oxidative protein damage in gastric carcinogenesis-induced animals [31] . Among the various oxidative modifications in protein, carbonyl formation may be an early marker for protein oxidation [32] . Protein carbonyls have been used as a biomarker of oxidative stress because of the relative stability of carbonylated proteins and the high protein concentration in blood. However, we found that tissue carbonyl levels in naringenin treated groups were decreased when compared with MNNG induced with cancer.
A number of flavonoids have been shown to suppress carcinogenesis in various animal models [33] . There is currently considerable interest in these compounds as they appear to exert a beneficial effect on several key mechanisms involved in the pathogenesis of cancer. DNA fragmentation is generally considered to be the hallmark of apoptosis. Indeed the nuclear DNA of apoptotic cells shows a characteristic laddering pattern of oligonucleosomal fragments. Several studies have demonstrated a positive correlation between DNA fragmentation and apoptosis. Medicinal plants and natural dietary constituents such as naringenin have been reported to induce apoptosis in malignant cells in vitro [34] . Our present study we observed DNA fragmentation induced by naringenin, which possess, prevention of MNNG.
Additionally, we have also observed an induction of apoptosis on naringenin in stomach cancer bearing animals as revealed by the enhancement of LPO and oxidative DNA damage. The absence of intranucleosomal DNA-fragmentation in MNNG induced animals reflects the prevention of apoptotic mechanisms in malignant cells. Our report has shown that intranucleosomal DNA fragmentation during chemoprevention of naringenin treated rats. The results support that the findings of key changes in cell death can occur without DNA fragmentation and it alone should not be considered as a criterion for assessing apoptotic cell death [35] .
Feng et al., [36] reported natural antioxidants are capable of inhibiting the ROS production and thereby reducing the associated intra-cellular oxidative stress. Importantly, ROS, damaging almost all classes of subcellular components, are produced in numerous pathophysiological states and have been recognized as participating in the development of multistage carcinogenesis [37] . Oxidative stress is associated with damage to a wide range of macromolecular species including lipids, proteins, and nucleic acids thereby producing major interrelated derangements of cellular metabolism including peroxidation of lipids, formation of protein carbonyls, and single strand breaks in DNA [38] . Previous report from our laboratory, dietary agent could effectively inhibited B(a)P induced lung carcinogenesis by offering protection from protein damage and also by suppressing cell proliferation [39] . Our result demonstrated that naringenin; MNNG induced intracellular ROS and oxidized protein carbonyl accumulation dependent on the hydroxyl group presents in the structure [40, 41] .
LPO is the most studied biologically relevant free radical chain reaction. It is regarded as one of the basic mechanisms of tissue damage caused by free radicals [42] . Increased level of LPO was reported during DEN induced and Phenobarbital promoted hepatocellular carcinogenesis [26] . In this result, an increased level of tail length was observed in carcinogen induced rats (Group II). The OH-radical is implicated to the oxidation of DNA bases, the most studied, product being 8-oxo-7, 8-dihydroguanine. Oxygen radicals attack DNA bases and deoxyribose residues producing damaged bases and single stand breaks. This radical induced oxidative stress generated a large number of modifications in DNA including strand breaks [36] . Contrary to this, the diets rich in fruits and vegetables can decrease both DNA damage and cancer incidence [43] .
Polyamines are essential for the growth of cells and rapidly proliferating cells have higher levels of polyamines than do slowly growing or quiescent cells [44] . Earlier studies with different carcinoma tissues have demonstrated a marked increase in the levels of polyamines and ornithine decarboxylase (ODC) activity, confirming their correlation with neoplastic growth and high rate of cell proliferation [45] . Others cited the importance of polyamines in chemotherapy by demonstrating depleted levels of polyamines upon treatment with anticancer agents [39, 46] . Earlier reports demonstrate the potential of flavonoids and alkaloids to inhibit ODC in various cancer conditions [47] . Hence, naringenin, one of the flavonoids, may inhibit ODC activity and reduce cell proliferation in stomach carcinogenesis through depleting the levels of polyamines.
One or more independent/interdependent pathways such as the inhibition of activation of MNNG to the ultimate carcinogen, it's antioxidative and free radical scavenging properties may be responsible for the anticancer potential of naringenin [48] . Our study strongly displays the protective effect of naringenin against MNNG induced gastric carcinogenesis, which may be due to its inhibitory effect on cell proliferation. Therefore, naringenin may be explored as a chemopreventive agent for humans at high risk of gastric cancer.
